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ELECTROMAGNETIC COMPONENT FOR A
STATOR SEGMENT OF AN ELECTRICAL
MACHINE

FIELD OF THE INVENTION

The present invention relates to an electromagnetic com-
ponent for a stator segment of an electrical machine. Particu-
larly, but not exclusively, the invention relates to such a com-
ponent to form an easily maintainable stator of a generator for
use 1n a gas turbine engine.

BACKGROUND OF THE INVENTION

It 1s known to provide electromagnetic generators for gen-
erating power from a gas turbine engine. Such generators can
be housed within an engine structure such as a bearing hous-
ing. Such an arrangement offers advantages 1n terms of eifi-
cient packaging of engine components, but also poses new
challenges, particularly 1n terms of maintenance.

In particular, the size and weight of electrical the rotors and
stators of electrical machines makes removal and installation
for maintenance and replacement difficult to carry out by
hand. These difficulties are compounded by the magnetic
forces produces between the stator and rotor when they are
translated relative to each other.

Electrical machines housed within an engine structure such
as a bearing housing may also experience relatively high
temperatures in use, and so require a coolant system to pro-
vide a coolant flow through at least the stator. Such coolant
systems also add further weight and complexity to the engine,
and generally require an additional housing or casing 1n order
to separate the coolant flow from the o1l contained within the
bearing housing.

The present invention seeks to address these 1ssues.

SUMMARY OF THE INVENTION

Accordingly, 1n a first aspect, the present imnvention pro-
vides an electromagnetic component for mounting in a frame-
work so as to provide a stator segment of an electrical
machine, the component comprising:

a magnetic flux guide;

an electrical winding for electromagnetic interaction with

the magnetic flux guide;

clectrical terminals for connecting the electrical winding to

an electrical network;

at least one flmid pathway for receiving a flow of cooling

fluid 1n normal use; and,

at least one fluid connector for coupling the fluid pathway

to a source of cooling fluid.

In such an arrangement, an electrical machine formed of
separate, modular machine segments can be provided, 1n
which a cooling and electrical connection 1s provided for each
machine segment, thereby providing lighter components
which can be more easily handled.

The component may be arranged such that one or both of
the tfluid connector and the electrical terminals are connected
when the component 1s mounted in the framework, and the
component may be arranged to be connected by a push {it
connector. Such an arrangement provides a means of connect-
ing both electrical and fluid connections 1n a single operation.

The component may include a casing which may at least
partly define the fluid pathway, and may be substantially tluid
tight. The casing may surround the magnetic flux guide and
the winding such that the coolant which flows along the
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cooling pathway 1s 1n thermal contact with one or both of the
winding and the magnetic flux guide.

The flud pathway may extend from an 1nlet of the casing to
an outlet of the casing. The fluid pathway may be at least
partly defined by a duct arrangement, which may extend from
the inlet to the outlet. The duct arrangement may extend
around at least part of the winding, such that the fluid within
the duct arrangement 1s 1n thermal contact with the winding.
Alternatively, the fluid pathway may be partly defined by the
winding, and may be partly defined by channelling arrange-
ments. The channelling arrangements may comprise baitles,
which may be provided on an interior surface of the casing.

The containment of each segment within a casing prevents
damage to other machine segments within the electrical
machine upon failure of one of the machine segments, and
therefore provides an electrical machine having an inherently
tault tolerant design.

The casing may be formed of a non-magnetic material, that
1s to say that the matenal has a relative magnetic permeability
of less than 100, and preterably less than 10 Examples of
suitable non-magnetic materials include polymers such as
Polyether ether ketone (PEEK). Further examples of suitable
non-magnetic materials include non-magnetic metals such as
aluminium, non-magnetic stainless steel alloys or titanium.
Voids within the casing may be substantially or completely
filled with polymer or another non-magnetic material. The
volds may be filled using vacuum pressure impregnation
(VPI).

The filler material may serve to rigidly constrain the parts
within the casing, such as the flux guide, winding, and coolant
ducts or pipework. The filler material may serve to reduce
vibration of the parts within the casing to improve reliability.
The filler material may serve to prevent parts within the
casing from contacting each other. The filler material may
serve to exclude air or any gas from the interior of the casing
or from specific regions within the casing.

The component may comprise a mounting arrangement for
cooperating with the framework to mount one or both of the
fluid connector and the electrical terminals to a respective
clectrical or fluid location point of the electrical machine. The
mounting arrangement may also mount the component to the
framework

The provision of the mounting arrangement helps to physi-
cally locate and securely mount the component, and 1n par-
ticular one or both of the electrical terminals and fluid con-
nectors, 1mto a correct position within the framework of the
clectrical machine. Such an arrangement has been found to
counteract magnetic forces produced between the stator and
rotors segments as the stators are translated.

The mounting arrangement may include a rail or channel,
which cooperates 1n use with a corresponding channel or rail
of the framework. The mounting may comprise a pair of rails
and a pair of channels. The rails may be provided on the
framework, and each rail may comprise a finger member
which protrudes from an arm of the framework. The rails of
cach pair may extend from opposite sides of the arm. Each
channel may comprise a recess provided on the component.
The channels of each pair may extend from opposite sides of
the casing. The mounting arrangement may be arranged such
that the component 1s mounted by translation in one of an
axial or a radial direction for installation or removal 1n a gas
turbine engine.

The magnetic flux guide may be U-shaped, having a main
body and a pair of arms extending thereifrom, with the at least
one winding being wrapped around one of the main body or
one or both of the arms.
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In a first embodiment, a single winding 1s wrapped around
the main body of the magnetic flux guide. In a second
embodiment, a single winding 1s wrapped around one of the
arms. In a third embodiment, two windings are provided, with
cach winding being wrapped around a respective arm. Each
component may comprise a single electrical phase within the
clectrical machine. Such an arrangement provides a fault
tolerant electrical machine, and also provides an electrical
machine i which there 1s substantially no magnetic flux

between adjacent segments.

In a second aspect, the present imnvention provides an elec-
trical machine comprising a plurality of stator segments in
accordance with the first aspect of the invention.

In a third aspect, the present invention provides a gas tur-
bine engine including an electrical machine in accordance
with the second aspect of the invention.

The number of rotor poles and stator segments may be
chosen such that the machine operates so as to minimise
magnetic flux flow between adjacent stator segments 1n the
stator. The electrical machine may comprise a fractional slot
clectrical machine, and may comprise a single layer concen-
trated winding electrical machine. The machine may com-
prise a 3, 4 or S-phase machine. The machine may comprise
more phases.

The term “fractional slot winding” as used in this specifi-
cation refers to an electrical machine 1n which the number of
slots divided by the number of phases and then by the number
of poles results 1 a fractional (1.e. non-integer) value.

The term “concentrated winding” as used 1n this specifica-
tion refers to an electrical machine 1n which each coil 1s
wrapped around only 1 stator tooth (as opposed to being
wrapped around 2 teeth that are generally not adjacent). The
term “single layer” refers to an electrical machine i which
cach slot only contains one coilside, in contrast to “double
layer”, in which each slot contains 2 coilsides. The term
“single layer concentrated winding” 1s also known in the art
as “concentrated winding, alternate teeth wound.”

The electrical machine may be located within the front
bearing housing of the gas turbine engine, and one of the
stator and the rotor may be driven by a spool of the gas turbine
engine.

Embodiments of the invention will now be described with
reference to the accompanying drawings, 1n which:

FIG. 1 shows a cross sectional view through a gas turbine
engine

FIG. 2 shows a cross sectional view through a bearing
housing of the gas turbine engine of FIG. 1 incorporating an
clectrical machine.

FIG. 3 shows a cross sectional view through an electrical
component of the electrical machine of FIG. 2.

FIG. 4 shows a cross sectional view of part of a stator
comprising a plurality of the electrical components of FIG. 3.

FIG. 5 shows a side view of the electromagnetic compo-
nent of FIG. 3.

FIG. 6 shows an end view of part of the electromagnetic
component of FIG. 3.

FIG. 7 shows a cross sectional view of part of a first alter-
native electrical component.

FIG. 8 shows a cross sectional view of part of a second
alternative electrical component.

A gas turbine engine 10 1s shown 1 FIG. 1 and comprises
an air intake 11 and a propulsive fan 13 that generates two
airtlows A and B. The gas turbine engine 10 comprises, 1n
axial flow A, an intermediate pressure compressor 17, a high
pressure compressor 19, a combustor 21, a high pressure
turbine 23, an intermediate pressure turbine 25, a low pres-
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4

sure turbine 27 and an exhaust nozzle 29. A nacelle 31 sur-
rounds the gas turbine engine 10 and defines, 1n axial flow B,
a bypass duct 33.

The gas turbine engine 10 includes a front bearing housing,
14. Referring to FIG. 2, the front bearing housing 14 defines
a chamber 35 bounded by a low pressure shait 26 and bearing
39, an intermediate pressure shait 37 and bearing 41, and
outer chamber wall 23. The bearing housing 14 contains a
quantity of o1l for providing lubrication and cooling for the

bearings 39, 41.

An electrical machine 12 1s located within the chamber 35.
The electrical machine 12 includes a rotor 24 comprising a
series ol alternately polarised rotor segments arranged 1n a
ring, and attached radially outwardly of an intermediate pres-
sure compressor shait 37. The rotor segments could comprise
cither permanent magnets, or electromagnets. The electrical
machine 12 also includes a stator 16 comprising a plurality of
clectromagnetic components in the form of stator segments
20 located radially outwardly of the rotor 24, and attached to
a compressor casing 18 of the engine 10 via a mounting
framework 47 An air gap 28 1s provided between the rotor 24
and stator 16. In operation, when the engine 1s running, the
shaft drives the rotor 24, such that the rotor 24 rotates relative
to the stator 16 to generate electrical power.

The electrical machine 1s designed to minimise magnetic
flux between adjacent stator segments. Such a design can be
achieved by using a fractional slot, single layer concentrated
winding electrical machine 1n which the slot and pole num-
bers are chosen so as to minimise the magnetic flux flow
between adjacent segments. One suitable topology 1s for the
machine to have slot and pole numbers related by 2p=N _+2,
where 2p 1s the number of poles of the rotor, and N _ 1s the slot
number of the stator. By mimmising the electrical flux
between adjacent stators, the magnetic forces encountered by
a user when the stator 1s installed or removed are reduced,
thereby permitting installation and removal by hand.

Each segment 20 comprises a magnetic flux guide 32, a
pair of electrical windings 34 for electromagnetic interaction
with the magnetic flux guide 32, electrical terminals 52 for
connecting the electrical windings 34 to an electrical network
61, at least one fluid pathway 42 for receiving a flow of
cooling fluid 1n normal use, and at least one fluid connector 54
for coupling the tfluid pathway to a source of cooling tluid.

A cross section through an individual stator segment 20 1s
shown 1n FIG. 3. The segment 20 includes a generally
U-shaped magnetic flux guide 32 formed of a ferromagnetic
material such as 1ron or a suitable fernmagnetic materal, and
a pair of electrical windings 34. The flux guide comprises a
main body 33 and a pair of arms 36, 38 extending therefrom.
The main body includes a tapered shoulder section 49 at ends
of the main body.

Each winding 34 comprises a wire formed of an electri-
cally conductive material such as copper or aluminium, and 1s
turned around a respective arm 36, 38 of the magnetic tlux
guide 32. Electromagnetic interaction of the changing mag-
netic field between the flux guide 32 and the windings 34 as
the rotor 24 rotates relative to the stator 16 generates an
clectrical current 1n the windings 34.

The magnetic flux guide 32 and windings 34 are enclosed
within a casing 40 which 1s substantially fluid tight. The
casing 40 1s formed of a non-magnetic material, such as a
polymer (e.g. PEEK), or a non-magnetic metal (e.g. alu-
minium or titanium) such that the casing does not substan-
tially interact with the magnetic flux. More generally, mate-
rials having a relative magnetic permeability less than 100 are
suitable for forming the casing 40.
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The casing 40 defines a fluid pathway through the segment
20, as shown by the shaded area 42. In use, a coolant such as
o1l or a water/glycol mix flows through the fluid pathway 42
within the casing 40 around the windings 34 and the flux
guide 32 to remove heat generated by the stator segment 20
during operation. In use, the coolant flows from an inlet 44 to
an outlet 46 located either side of arms 36, 38 and the main
body 33 of the magnetic tlux guide 32. The casing 40 also
includes a plug 30 (shown in FIGS. 2 and 5). The plug 30
provides the electrical terminals 52 and cooling fluid connec-
tor 54 for the stator segment 20, and 1s described 1n further
detail below.

The casing 40 further includes a mounting arrangement
including a pair of channels 1n the form of recesses 45 located
on opposite sides of the casing 40. Each recess 45 extends
along substantially the whole the length of the casing 40. The
recesses 435 are shown 1n further detail in FIG. 5.

FI1G. 4 shows part of a stator 16, including a plurality of
installed stator segments 20. The stator 16 would ordinarily
be curved to form a ring, but 1s shown as forming a straight
line 1 FIG. 4 for stmplicity. The stator 16 includes a frame-
work 47 for mounting the stator segments 20. The stator 16 1s
formed of a non-magnetic material such as titanium, alu-
mimum alloy or a non-magnetic stainless steel alloy. The
framework 47 includes a chassis 48, and a plurality of spaced
arms 50 extending from the chassis 48, inwardly toward the
centre of the ring (1.e. downwardly as shown 1n FIG. 4). Each
arm includes a pair of outwardly facing rails in the form of
projections 36, which correspond with the recesses 45 of each
stator segment 20 to form part of the mounting arrangement
for mounting the segments 20 to the framework 47.

The plug 30 of a stator segment 20 1s shown 1n further detail
in FIG. 6. The plug 30 includes a pair of electrical terminals
52 and fluid connectors 54. The electrical terminals 52 are 1n
clectrical communication with the windings 34 to transmuit
clectrical power from the stator segment 20 to the electrical
network 61 via a conduit 58. The electrical network 61 could
include connections (either direct or indirect) to other stator
segments of the electrical machine 12 such that some or all of
the segments 20 are 1n electrical communication with each
other.

The fluid connectors 34 are each in fluid communication
with a respective 1nlet 44 and outlet 46, and hence the fluid
pathway 42. The plug 30 includes a shroud 51, which, when
connected to a corresponding socket of the electrical machine
12, seals the electrical terminals 52, 54 and fluid pathway 42
from the environment of the bearing housing 14. The shroud
51 therefore prevents contact between the o1l in the bearing
housing 14 and the electrical terminals 52, thereby reducing,
the risk of a fire or explosion, and also prevents coolant
leaking from the cooling pathway into the bearing housing
14.

The stator segments 20 are assembled to form the stator 16
by axial translation of each stator segment 20 into the frame-
work 47 located within the bearing housing 14 of the gas
turbine engine 10. Each segment 20 1s mounted in place by the
recesses 45 and projections 56 as 1t 1s located into the frame-
work 47. As the segment 20 1s pushed toward the framework
47, the plug 30 1s mounted with the socket, which provides
corresponding electrical terminals and fluid connectors to
provide the connection between each segment 20 and the
framework 47.

Once connected, cooling fluid 1s supplied 1n use to each
segment 20 via the plug 30 by the conduit 38 from a cooling
fluid reservoir (not shown). The cooling fluid flows through
the fluid pathway 42 from the inlet 44 to the outlet 46, thereby
cooling the stator segment 20. Cooling fluid 1s then returned
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6

to the reservoir through the plug 30 and conduit 58. Electrical
power 1s also supplied from the segment 20 1n use through the
plug 30 to the conduit 58, and thereby to the electrical net-
work 61. The electrical network 61 may provide electrical
power for the engine 10, and may provide electrical power for
the aircraft on which the engine 10 1s 1nstalled.

The above described stator topology, in which a U-shaped
magnetic flux guide 32 1s provided around which one or a pair
of electrical windings 34 1s wound, provides a stator in which
very little magnetic flux passes through adjacent stator seg-
ments 20. As aresult, magnetic forces between adjacent stator
segments 20 are reduced, and so do not act as strongly to
inhibit removal or installation of stator segments 20.

FIG. 7 shows a winding 134 and magnetic flux guide 132 of
a first alternative stator segment 120 also having a U-shaped
magnetic tlux guide, and which therefore has the advantages
outlined above with regard to the relatively low magnetic flux
which passes between adjacent stator segments. However, in
this embodiment, a single winding 134 1s wrapped around the
main body 133 of the magnetic flux guide 132. As before, the
winding and magnetic flux guide would be surrounded 1n use
by a casing (not shown), enclosing a flmid pathway, similar to
the casing 40.

FIG. 8 shows a winding 234 and magnetic flux guide 232 of
a second alternative stator segment also having a similar
topology. In this embodiment, a single winding 234 1s
wrapped around an arm 238 of the magnetic flux guide 232.
Such an arrangement may have a lower manufacturing cost in
comparison to the previous embodiments, as fewer windings
are required to form the stator.

A suitable topology would be selected according to the
packaging requirements of the stator, as well as manufactur-
ing and cooling aspects of the design. In particular, each of
these topologies provides a space within the casing to provide
an inlet and an outlet for the cooling pathway, and a particular
winding arrangement may be selected to provide a convenient
location for the inlet and the outlet.

The invention therefore provides a machine stator segment,
clectrical machine, and gas turbine incorporating the electri-
cal machine, having a number of advantages.

The segments are each provided with a discrete casing, and
cach segment has an electrical terminal and a cooling con-
nector. This enables segments to be installed and removed
more easily, as a single action mounts each segment, and
connects the electrical terminals and fluid connectors. The
casing provided around each segment also enables the seg-
ment to be istalled or removed without requiring a further
step of first removing a housing, whilst 1solating the flux
guide, winding and cooling flmd from the bearing oil. The
winding topology reduces the magnetic forces between com-
ponents, thereby also easing installation and removal. The
mounting arrangement further eases installation and removal
by supporting the segment against the magnetic forces during
translation of the segments.

The provision of a mechanical and magnetic separation
between the stator segments provided by the casing and the
mounting framework provides inherent fault tolerance, as
defects 1n one segment are less likely to cause damage to other
segments. Such inherent fault tolerance may allow relatively
low turn windings to be used, since damage from thermal
overload due to a faulted winding would be physically con-
tained by the segment casing.

While the invention has been described 1n conjunction with
the exemplary embodiments described above, many equiva-
lent modifications and variations will be apparent to those
skilled 1n the art when given this disclosure. Accordingly, the
exemplary embodiments of the invention set forth above are




US 9,148,040 B2

7

considered to be illustrative and not limiting. Various changes
to the described embodiments may be made without depart-
ing from the scope of the claimed 1invention.

For example, though a three spool gas turbine engine 1s
described in the present specification, having high, interme-
diate and low pressure spools, the present invention 1s equally
applicable to two spool gas turbines having only high and low
pressure spools. In a two spool gas turbine engine, the elec-
trical machine could be installed 1n a front bearing housing,
located between the high and low pressure spools. Alterna-
tively, 1n either a three spool or a two spool gas turbine engine,
the electrical machine could be installed in the tailcone
region, being driven by the low pressure shaft.

The fluid pathway could be arranged such that the cooling
flows between adjacent segments of the stator, rather than
flowing directly back to the fluid reservoir. Alternatively, the
coolant could comprise air supplied for example from a com-
pressor, and such an arrangement may be particularly suitable
where the electrical machine 1s installed in the tailcone
region. The stator segments could be installed by radial trans-
lation relative to the axis of the engine, in which case a
different mounting arrangement and framework would be
provided. A different electrical machine topology could be
employed. For example, the rotor could be located radially
outwardly of the stator. Two rotors or stators could be
employed to provide a “double air gap” machine.

The mvention claimed 1s:

1. An electromagnetic stator segment for mounting 1n a
framework so as to provide a separately removable stator
segment of an electrical machine comprising a plurality of
modular stator segments, the stator segment comprising;:

a magnetic flux guide;

an electrical winding for electromagnetic interaction with

the magnetic flux guide;

clectrical terminals for connecting the electrical winding to

an electrical network;

at least one flmd pathway for receiving a flow of cooling

fluid 1n normal use;

at least one fluid connector for coupling the fluid pathway

to a source of cooling fluid; and

a mounting arrangement for cooperating with the frame-

work to mount one or both of the fluid connector and the
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clectrical terminals to a respective electrical or tluid
location point of the electrical machine;

wherein the mounting arrangement comprises a rail or
channel, which cooperates 1n use with a corresponding
channel or rail of the framework.

2. An clectromagnetic component according to claim 1,
wherein the component 1s arranged such that one or both of
the fluid connector and the electrical terminals are connected
when the component 1s mounted 1n the framework.

3. An electromagnetic component according to claim 2,
wherein the component 1s arranged to be connected by a push
{it connector.

4. An eclectromagnetic component according to claim 1,
further comprising a casing.

5. An electromagnetic component according to claim 4,
wherein the casing 1s formed of a non-magnetic matenal.

6. An clectromagnetic component according to claim 1,
wherein the mounting arrangement 1s arranged such that the
component 1s mounted by translation 1n an axial direction
relative to a principal axis of a gas turbine engine for instal-
lation or removal 1n the gas turbine engine.

7. An electromagnetic component according to claim 1,
wherein the mounting arrangement 1s arranged such that the
component 1s mounted by translation 1n a radial direction for
installation or removal 1n a gas turbine engine.

8. An electrical machine comprising a plurality of stator
segments as claimed claim 1.

9. An electrical machine according to claim 8, wherein a
number of rotor poles and stator segments 1s chosen so as to
minimise the magnetic flux flow between adjacent segments.

10. An electrical machine according to claim 9, comprising
a fractional slot, single layer concentrated winding electrical
machine.

11. A gas turbine engine comprising an electrical machine
according to claim 8.

12. A gas turbine engine according to claim 11, wherein the
clectrical machine 1s located within the front bearing housing
of the gas turbine engine.

13. A gas turbine engine low pressure spool according to
claim 11, wherein one of the stator and the rotor 1s driven by
a spool of the gas turbine engine.
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